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Scotland. The evidence for these events is provided by unconformities, radioactive age dating of granites and metamorphism, and the oncoming of Old Red Sandstone facies. It is suggested that the Caledonian orogeny is the sum total of all these events from the Upper Cambrian to the Middle Devonian which occur in, or adjacent to, the Caledonian geosyncline.
The stratigraphical evidence of the times of folding is reviewed with the following similar questions, stated that "the way in which we think about orogeny, the time scale, our stratigraphic sections, strongly controls the actual nature of the practical facts we gather in the field." For this reason, if for no other, it seems necessary to review recent work on the Caledonian orogeny.
Major earth movements can be dated by unconformities, effects on sedimentation, igneous activity, and radioactive dating, which all reflect different aspects of orogeny; the same orogenic activity might result in different effects in different areas and at slightly different times. Of these, it is only the unconformity which is both direct proof of movements and capable of accurate stratigraphical control; some emphasis is therefore to be given to breaks in the stratigraphic column.
The evidence is presented geographically, starting in the south of Scotland, then through England to Wales, westwards to Ireland, and finally back to Scotland.
Southern Uplands and North of England.-The oldest widespread breaks in sedimentation in this area are at the base of the Caradocian; they have been recorded in southwest Scotland, Cross Fell, and the Lake District. Williams38 has demonstrated that there have been subsequent sporadic movements throughout the Upper Ordovician in the Girvan area. He considers that recurrent impersistent conglomerates are associated with repeated movements along faults bounding the basin of deposition. The Bala grades up into the Silurian without any big break in places where the contact has been described (Girvan, Moffat, Lake District). In fact, sedimentation seems to have been continuous over the whole area from late Ordovician times until the end of the Wenlock, or possibly well into the Ludlow. Then there was a big break.
The Lower Old Red Sandstone rests unconformably on the Silurian in Berwickshire (where the age of the overlying beds is proved by Pterygotus),13 near Jedburgh, in the Girvan district, and possibly also in the Lake District where Capewell6 has suggested that the Mell Fell Conglomerate might be Lower Old Red Sandstone. This evidence of considerable folding at the end of the Silurian can be linked with the intrusion of some Galloway and Lake District granites. Lambert The immediately post-Silurian breaks may extend throughout the geosynclinal parts of Wales: in the south, the small breaks seen at the base of the Old Red Sandstone in Brecknockshire become larger to the west of Llandeilo, and there is no Upper Ludlow exposed in North Wales. It is possible that the whole geosyncline from Berwick to Pembroke might have suffered considerable movement at this time, but it is not possible to be definite about the age of the movements in North Wales or northern England. The Old Red Sandstone of Anglesey is unfossiliferous and is thus of no help in precise dating. We have just seen that in, and at the end of, the Ordovician, fold movements took place at different times in the Welsh geosynclinal areas and in the Borderland area outside the geosyncline. Long distance correlation of breaks in the stratigraphical succession must therefore be proved and not assumed. While the fold movements affecting the Silurian of North Wales may possibly be pre-Lower Old Red Sandstone as in the north of England and Pembroke, they may have taken place at any time between the Upper Ludlow and the Upper Devonian (perhaps in the Middle Devonian, for example-see below).
In southeast Wales and the Welsh Borderland, the main post-Silurian movements are after the Lower Old Red Sandstone, there being an unbroken sequence up to the end of the Breconian, the highest beds of which may, in fact, be of Middle Old Red Sandstone age,3 though no Middle Old Red fishes or plants have been recorded.
The post-Lower Old Red Sandstone break is clearly the dominant feature of the Caledonian folding in this area (see also ref. 19 ). Although the change in facies suggests regional uplift at the start of the Old Red Sandstone, 0. T. Jones2' concludes that "in Wales and the adjoining regions, as well as south of the Highland Border, the great earth movements to which the name Caledonian has usually been applied, occurred after the deposition of all the known Lower Old Red Sandstone of these areas." Widespread movements clearly took place both before and after the Lower Old Red Sandstone, but it is most doubtful whether, at either time, they affected a geographically continuous area extending from Pembroke to the Scottish Highlands. The extension of the Old Red Sandstone facies to England at the start of the Devonian (it is there in the Silurian of Scotland) could quite well be due to local uplift (say, in Pembrokeshire and near the Scottish Border) coupled with a change in the relative rates of subsidence and sedimentation in the areas of deposition.
Ireland.-In southeast Ireland, the Carboniferous and Old Red Sandstone rest on folded Cambrian and Ordovician; there is thus no accurate stratigraphic dating of the Caledonian folding. Lambert and Mills25 give an age of 405 million years for the Leinster granite; this suggests that, as the granite post-dates the main folding,5 fold movements took place shortly before Lower Old Red Sandstone times.
In the southwest, fossiliferous Ordovician occurs only in the Slieve Bernagh and Slieve Aughty inliers. Because of faulting and poor outcrops, there are no records of inter-Ordovician breaks. The Ordovician-Silurian junction is also obscure, but Ashgillian and Llandovery are both present. It may be that there are no large breaks in the sedimentary record before the end of the Silurian. A continuous Silurian succession from Upper Llandovery to Ludlow is seen in the Dingle Peninsula; here the Dingle Beds rest on the Ludlow with a distinct stratigraphical junction, but, as these oldest Old Red Sandstone beds are unfossiliferous, it is not possible to assess the length of the break (if any) at the end of the Ludlow; it may not be very large. The Dingle Beds are folded along with the Silurian beds and are succeeded, after a marked unconformity, by later Old Red Sandstone beds. 33 Throughout the whole of the southern half of Ireland, the only known Old Red fossils are in the Kiltorcan Beds at the very top of the Devonian; these pass up conformably into the basal Carboniferous beds. It is possible that, except in Dingle, there is no Lower Old Red Sandstone in this large area;"6 the strong unconformity between the Old Red Sandstone and the Lower Paleozoic beds could thus be due to folding at any time between the Ludlow and the Upper Old Red. It is only in Dingle that there is evidence to show that folding took place after the onset of Old Red Sandstone conditions, but there, because of the lack of fossils, precise dating of this break is not possible; we know only that it is post-Ludlow.
North of Galway Bay, there is better stratigraphical evidence for the dating of fold movements. In Connemara, there are strong pointers (but no exposures) to suggest that the Arenig lies on the Connemara Schists.27 9 are the Arenig lavas and sediments alongside the Highland Boundary Fault; at Aberfoyle, Jehu and Campbell20 have described how these are overlain unconformably by Upper Ordovician sediments. The pre-Caradoc break of the Lake District may thus possibly extend right across the Southern Uplands (where it is known) and the whole breadth of the Midland Valley (where it is not seen), (cf. ref. 14, fig. 4) .
No large inter-Silurian breaks occur. The Silurian stratigraphy of several Midland Valley inliers has recently been revised ;26, 32 it now appears probable that much of it is of Old Red Sandstone facies. The fact that the end of the Silurian does not everywhere coincide with the first appearance of these nonmarine facies shows that this marked change in sedimentation cannot be used as evidence of a major event occurring throughout Scotland at this time. Lamont26 shows "that nonmarine conditions supervened at various times in different areas of the Silurian and that orogenic conditions, erosion phenomena, and red beds are as likely in the Gala as in the Ludlow." Parts of the Midland Valley seem to have had their main orogeny well before the Devonian and possibly before the Silurian. At the base of the Old Red Sandstone, local breaks are known in the Pentlands and near Girvan; but, as there is no contemporary break at Lesmahagow, these are probably only of local significance. Kennedy23 considers that the Midland Valley acted as a foreland with respect to the late Silurian folding in the Southern Uplands. In the Midland Valley, no direct evidence of pre-Silurian movements is now exposed; the major movements seen are of Middle Old Red Sandstone age. These are especially strong near the boundary faults. No Middle Old Red Sandstone faunas or floras are known in the area.
Scottish Highlands.-From direct stratigraphical and fossil evidence, all that can be proved about the age of the Dalradian folding and metamorphism in the Grampian Highlands is that it is probably post-Middle Cambrian and certainly pre-Lower Old Red Sandstone. The plant and fish remains at Oban show without doubt that, in contrast to the Midland Valley, all the major movements (except along and near to the large faults) occurred before the Devonian. It is likely that the Pagetiabearing Leny Limestone was involved in most of these movements.35 Some of them are thus post-Middle Cambrian and are probably to be correlated with Giletti of the Caledonian orogeny? There were many orogenic events before the Middle Devonian, and there are many folding episodes that cannot be well dated. Is it not more in keeping with the facts to suggest that the Caledonian orogeny is the sum total of all these events from the Upper Cambrian to the Devonian? Other aspects of the orogeny than folding, such as the Silurian and Devonian granites, the metamorphism of the Dalradian and Moine Series, and the oncoming of Old Red Sandstone sediments, are also seen to occur at different times throughout the British Isles (in the instances where they can be dated; there may be much more diversification in time than is apparent).
It is now suggested 'that these movements in, and adjacent to, the Caledonian geosyncline which took place between the Upper Cambrian and Middle Devonian are all truly Caledonian: many events occurred in Scotland through this period and practically all have been termed "Caledonian" by some past authors. It is meaningless to call those in the Upper Ordovician "Taconic" and those in the midDevonian "Acadian." These two names should be restricted to movements in the Taconic and Acadian geosynclines respectively. Different episodes of movement in the Caledonian geosyncline can best be labeled (as is done in this paper) in a stratigraphical sense, e.g., pre-Caradocian, mid-Devonian, etc. If movements in the British Isles can occur at distinct times within a system or part of a system, is it at all probable that Taconic or Acadian movements occurred exactly simultaneously on both sides of the Atlantic in (even allowing for continental drift) distinct geosynclines? Woodward4l has shown that there are several distinct deformations in the eastern United States; we have the same in Britain.
Gilluly'7 pointed out that "stratigraphers assign unconformities, not at random, but displace them in the direction of stage boundaries." We must be careful not to displace the Caledonian orogeny towards any one period of time just to satisfy preconceived ideas. The truth about this complicated series of events will be found only by objective examination of all the evidence available.
The writing of this paper has been possible only after many discussions with many friends, to all of whom I am much indebted; especial thanks go to my colleagues R. St. J. Lambert and H. G. Reading and to Professor T. Neville George.
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